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Abstract. The unidentified TeV gamma-ray source MGRO J1908+06/HESS J1908+063 was observed with the VERITAS 
Imaging Atmospheric Cherenkov Array during October 2007 and May-Iune 2008. This extended source is located on the 
galactic plane at a galactic longitude of 40.45 degrees and has a hard TeV spectrum with an index of T~2.08 |1|. The 
Very High Energy (VHE) gamma-ray flux was measured by H.E.S.S. out to energies greater than 30 TeV which along with 
its unidentified nature makes it an interesting hard-spectrum extended source for study. We confirm the detection of VHE 
gamma-ray emission from this source using VERITAS. 
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INTRODUCTION 

The Milagro collaboration reported the detections of sev- 
eral y-ray sources in 2007 which included the unidenti- 
fied source MGRO J1908+06 at an 8.3<7 (pre-trials) 
level. Milagro report a source extension up to 2.6° with 
90% confidence. 

The H.E.S.S. experiment's extended Galactic plane 
survey [3] has confirmed this source with a post-trials es- 
timate of 5.1a. H.E.S.S. reported a flux above 300 GeV 
of 14% of the Crab Nebula flux, a best-fit position for 
the emission region of l=40.45±0.06°. sfa r±0.06° jyj 
(19 /! 08 m 04.39 s ) and b=-0.8±0.05° 4 , a ,±0.06°. svl 
(06°19'09.1") along with an intrinsic source exten- 
sion of a src .=0.21 o ±0.07 o i , fl; ±0.05 o syi fl]. 

The source may be associated with the radio-bright 
SNR G40.5-0.5 @ or possibly the EGRET sources 
3EG J 1903+063 and GeV J 1907+0557 0. How- 
ever, the possibility of TeV emission from nearby unre- 
solved sources and/or cosmic -ray interaction with nearby 
CO molecular clouds cannot be discounted. The VERI- 
TAS measurements of the source position and size along 
with a discussion on possible counterpart sources are pre- 
sented here. 

The extended nature of this source, along with its 
relative strength make it an excellent analysis calibration 
source for the VERITAS sky survey. 

OBSERVATIONS 

VERITAS first observed the quoted H.E.S.S. position 
for TeV emission in October and November 2007 with 
further follow-up observations taken in May and June 



TABLE 1. Breakdown of VERITAS observations 



Survey-style 


0.5° 


0.7° 




pointings 


wobble 


wobble 


Total 


Time(min) 340 


300 


660 


1300 



2008. Two differing modes of observation were used to 
observe this source. The first observations were made 
using the concept of a "mini-survey". A grid of pointed 
array observations with multiple camera off-sets (from 
the reported H.E.S.S. position) was created to emulate 
the conditions of the main VERITAS sky survey. 

A second set of observations were then undertaken 
that consisted purely of "Wobble" runs with offsets of 
0.5° and 0.7° from the reported H.E.S.S. position. The 
average camera off-set for all the taken data is 0.65°. 

All data used in the analysis have passed data-quality 
cuts (very good weather coupled with no hardware is- 
sues) giving a total of ^1300 minutes of live-time data. 
A table containing a break-down of the total time into it's 
constituent modes is shown (Table 1.). The zenith angles 
of observations ranged from 25 to 50° with an average 
zenith of 34°. 



ANALYSIS AND RESULTS 
VERITAS analysis 

The VERITAS data analysis steps consist of 

■ Calibration and integration of the flash-ADC traces 
recorded when the array is triggered by a Cherenkov 
flash 



• Individual telescope Cherenkov images are then 
cleaned and parameterized according to Hillas Q. 

• Stereoscopic reconstruction of the event impact po- 
sition and direction, hadronic background rejection 
and energy estimation are undertaken. 

• Generation of photon maps. 

• The Ring Background Model analysis J8J is then 
used to estimate the hadronic background in the 
source region. 

Several changes were made to the standard VERITAS 
analysis for this source that are highly motivated by the 
published H.E.S.S. results (spectral index and extension 
values). Since both the H.E.S.S. and Milagro instruments 
detail that this source is not point-like, a larger back- 
ground ring radius was chosen to avoid contamination of 
the background estimation. H.E.S.S. also quote a spec- 
tral index of a = 2.08, making this a hard-spectral source 
in the TeV regime. Since the VERITAS observations of 
this source were on average taken at relatively low ele- 
vations, a harder size cut of 850 dc (~150 p.e) is well 
motivated (studied with simulations) and is used in this 
analysis. 

To avoid gamma-ray contamination in the background 
ring, an exclusion region of 0.6° radius was placed 
around the reported H.E.S.S. position. 

Results 

MGRO J1908+06/HESS J1908+063 has been de- 
tected by VERITAS at the 4.9(7 level. This quoted sig- 
nificance value is at the reported H.E.S.S. position. Fig- 
ure 1 shows the smoothed significance map of the region 
with the 4.9(7 VERITAS value at the H.E.S.S. position 
marked with a cross. Figure 2 shows the distribution of 
significances for the field of view around the source. 

To investigate the position and extension of this 
source, a symmetrical two-dimensional Gaussian func- 
tion was fitted to the uncorrelated excess map for this 
field. The best-fit position lies at RA=287.05° ±0.05° 
(19 A 08 m 12 s ) and DEC=6.37° ±0.04° (06°22'12") with 
a 68% excess containment radius (Point Spread Func- 
tion not deconvolved) of (768%= 0.19° ±0.04° (the corre- 
sponding measurement for the Crab Nebula is <7 tra i_68% 
= 0.07°), these measurements indicate that the source is 
not point-like and that the VERITAS best-fit position is 
fully compatible with previous results. 

Figure 3 displays the uncorrelated excess plot of 
the field of view with 2D Gaussian contours overlaid. 
The source appears to be asymmetric therefore the 2- 
Dimensional Gaussian fit values should be taken as first 
approximations. A more detailed study of source exten- 
sion/morphology is ongoing. 
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FIGURE 1. Significance Map of the FOV around MGRO 
J1908/HESS J1908. The cross marks the reported H.E.S.S. 
location (4.9(7) 




Significance per bin 

FIGURE 2. Significance Distribution (Gaussian fit taken 
from the FOV excluding source: Mean=0. 1, RMS=1) 

Counterpart Discussion 

Figure 4 displays the VERITAS y-ray excess map with 
potential multi-wavelength counterpart sources overlaid. 
The Milagro 7(7 (outer) and 5(7 (inner) contours are 
shown overlain on the field along with the previously 
quoted H.E.S.S. position and extension value. Poten- 
tial TeV y-ray sources located in this region include 
the Supernova Remnant (SNR) G40.5-0.5 J9) which is 
located at a distance between 5.5-8.5 kpc, this rem- 
nant has been observed emitting non-thermal radio emis- 
sion J4) and its level of extension somewhat overlaps 
with the VERITAS best-fit location. Two additional SNR 
are marked within the field-of-view but cannot be read- 
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FIGURE 3. 2-Dimensional Gaussian fit to uncorrelated ex- 
cess map (0.2° bins) 



ily identifiable with the emission region. The ASCA 
X-ray source AX J 1907+0557 and the ROSAT source 
1RXSJ190859.7+0602426 are overlaid, with Roberts et 
al. HO) showing AX J 1907+0557 as an extended X-ray 
source compatible with the EGRET GeV source. 



CONCLUSIONS 
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FIGURE 4. Excess Map of FOV around MGRO 
J1908/HESS J1908. All SNR's are shown as black dot- 
dashed ellipses, the EGRET GeV J 1908+0557 error ellipse 
is shown with a dot-dashed line, the 3EG J1903+0550 error 
circle is shown with a dashed line, the two X-Ray sources (AX 
J1907. 1+0549 and 1RXS J 190859.7+060426) are overlaid 
as stars. The two ground-based arrays best-fit positions are 
shown, the H.E.S.S. quoted position (white open cross) along 
with the a src excess containment radius (white solid circle) and 
the VERITAS best-fit position (white cross) with 0"6g% excess 
containment radius (white dashed-circle). Finally the 5o" and 
7o" Milagro contours are overlaid with thick dashed lines. 



VERITAS reports a detection of TeV gamma-rays from 
MGRO J1908+06/HESS J1908+063 at the 4.9a level 
confirming that this is a Very High Energy gamma-ray 
emitter. The source location as measured by VERITAS is 
RA=287.05° (19 h 08 m 12*) and DEC=6.37° (06°22'12") 
with an extended emission region. Further analysis of 
this source is ongoing with aims for flux/spectral mea- 
surements to be finalised for the possibility of future pub- 
lication. 
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